Domain structure of gpNu1, a phage lambda DNA packaging protein.
The terminase enzyme from bacteriophage lambda is responsible for the insertion of a dsDNA genome into the confines of the viral capsid. The holoenzyme is composed of gpA and gpNu1 subunits in a gpA(1) x gpNu1(2) stoichiometry. While genetic studies have described regions within the two proteins responsible for DNA binding, capsid binding, and subunit interactions in the holoenzyme complex, biochemical characterization of these domains is limited. We have previously described the cloning, expression, and biochemical characterization of a soluble DNA binding domain of the terminase gpNu1 subunit (Met1 to Lys100) and suggested that the hydrophobic region spanning Lys100 to Pro141 defines a domain responsible for self-association interactions, and that is important for cooperative DNA binding [Yang et al. (1999) Biochemistry 38, 465-477]. We further suggested that the genetically defined gpA-interactive domain in the C-terminal half of the protein is limited to the C-terminal approximately 40 amino acids of gpNu1. Here we describe the cloning, expression, and biochemical characterization of gpNu1DeltaP141, a deletion mutant of gpNu1 that comprises the DNA binding domain and the putative hydrophobic self-assembly domain of the full-length protein. Purified gpNu1DeltaP141 shows a strong tendency to aggregate in solution; However, the protein remains soluble in 0.4 M guanidine hydrochloride, and circular dichroism (CD) and fluorescence spectroscopic studies demonstrate that the protein is folded under these conditions. Moreover, CD spectroscopy and thermally induced unfolding studies suggest that the DNA binding domain and the self-association domain represent independent folding domains of gpNu1DeltaP141. The mutant protein interacts weakly with the gpA subunit, but does not form a catalytically competent holoenzyme complex, suggesting that the C-terminal 40 residues are important for appropriate subunit interactions. Importantly, gpNu1DeltaP141 binds DNA tightly, but with less specificity than does full-length protein, and the data suggest that the C-terminal residues are further required for specific DNA binding activity. The implications of these results in the assembly of a functional holoenzyme complex are discussed.